There is the Gibbs theorem in thermodynamics, according to which the entropy of the mixture of ideal gases is equal to the sum of the entropies of the components of the mixture.
Introduction
Gibbs' theorem on the entropy of a mixture of ideal gases expressed by the formula:
where c  is the entropy of the mixture of ideal gases, i  is the entropy of the i-th ideal gascomponent of the mixture.
The proof of Gibbs' theorem, which was given by J. W. Gibbs, is published in his paper «On the Equilibrium of Heterogeneous Substances» [1, с. 55-353] . It consists in deriving a formula expressing the Gibbs theorem from other formulas.
Dalton's law according to which the pressure of a mixture of ideal gases is equal to the sum of the partial pressures of individual gases is used in this proof:
Let us analyze this proof. 1 The fragments of the article "On the incorrectness of the proofs of the Gibbs theorem on the
An analysis of the proof of the Gibbs theorem, which Gibbs gave
On p. 63 Gibbs writes down expressions for the total differential of the internal energy  of a homogeneous thermodynamic system (in his terminology -the homogeneous mass) as a function of the extensive parameters of the system: Further, Gibbs defines a series of functions (  ,  ,  ) and, taking (86) into account, derives formulas for their total differentials. On p. 87 he records:
He further writes (p. 87):
«If we integrate (86), supposing the quantity of the compound substance considered to vary from zero to any finite value, its nature and state remaining unchanged, we obtain 
proportion» with respect to  mean that  is a homogeneous function of the first power of
The total differential of the internal energy of a system of substances has the form: (VII)
We draw attention to the fact that formula (93) is obtained by integrating (86) under the condition that p , t , i  do not change. However, then Gibbs differentiates the formula (93) as if all the quantities on the right are independent variables, and, comparing the result with 
.
and from it the next formula derives: Let us consider in detail his calculations.
On p. 150 Gibbs gives the equations for the unit mass of an ideal gas:
where a they c are also constants.
Integrating the second equation, Gibbs obtains:
From these equations and (11) Gibbs obtains the formula:
He converts (VIII) as follows:
and then integrates:
Further ( Then he outputs a series of formulas for  ,  ,  , p ,  , including the following:
Differentiating (265) and comparing with (92), Gibbs obtains the formulas (p. 152):
From ( 
